Aims/hypothesis Type 2 diabetes has been associated with an increased risk of cancer. This study examines the effect of more vs less intensive glucose control on the risk of cancer in patients with type 2 diabetes. Methods All 11,140 participants from the Action in Diabetes and Vascular Disease: Preterax and Diamicron-MR Controlled Evaluation (ADVANCE) trial (ClinicalTrials.gov NCT00145925) were studied. Cancer incidence and cancer mortality was compared in groups randomised to intensive or standard glucose control. Information on events during follow-up was obtained from serious adverse event reports and death certificates. HRs (95% CI) were calculated for all cancers, all solid cancers, cancer deaths and site-specific cancers.
Introduction
There have been many reports of increased risk of cancer in patients with diabetes including cancers of the pancreas, liver, breast, colorectum, urinary tract and female repro-ductive organs [1] [2] [3] . Cancer mortality has also been reported to be increased [1, 4] . In type 2 diabetes, these increases in cancer risk have been associated with inflammation, obesity, insulin resistance, physical inactivity, elevated glucose levels and the administration of exogenous insulin [1, [5] [6] [7] [8] [9] . Yang and colleagues reported a linear relationship between increasing HbA 1c levels and cancer risk above HbA 1c levels of 6.5% [7] . It has been proposed that reducing glucose levels may reduce cancer risk [5] [6] [7] .
To date, observational studies have examined the effects of intensive glucose control, metformin therapy, insulin therapy and cancer outcomes with inconsistent findings [7, [10] [11] [12] [13] [14] . Some have observed decreased risks of cancer with insulin therapy, whereas others have reported increased risks of cancer associated with insulin therapy [7, [10] [11] [12] [13] [14] [15] . Discrepancies have been linked to differences in study design, to the presence of residual confounding and to differences in the likely mechanisms by which various therapies lower glucose levels [7, 16, 17] . It also remains unclear whether the effects observed are attributable to lower glucose levels or to the effects of the medications used to achieve greater glucose lowering [7, 16, 17] . Indeed, observational studies cannot reliably determine whether more intensive glucose control, or the treatments used to achieve more intensive glucose lowering affect the risk of cancer. Because changes to therapy might well be intimately related to the patient's health, observational studies linking cancer risk to therapy over time are likely to suffer from allocation bias [18, 19] . More robust evidence might be derived from randomised controlled trials.
The objective of this study was to determine whether the intensity of glucose control influences the risk of cancer in patients with type 2 diabetes. To this end, data from the Action in Diabetes and Vascular disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE) trial, a randomised controlled trial, was analysed to examine cancer risk in patients with type 2 diabetes randomised to intensive glucose control compared with standard glucose control over a 5-year period [20, 21] .
Methods
Study design ADVANCE was a factorial trial of blood pressure lowering and intensive glucose control conducted in 215 centres in 20 countries between 2001 and 2008 [20] [21] [22] . Participants had been diagnosed with type 2 diabetes after age 30 years and were aged at least 55 years at study enrolment. In the glucose control group, 5,571 participants were randomised to intensive glucose control and 5,569 participants were randomised to standard guideline-based glucose control [21] . At study entry, people suffering from life-threatening non-vascular disease other than diabetes and its complications, including cancer, were deemed ineligible. Participant characteristics have been described in detail elsewhere [20, 21] . Those assigned to intensive glucose control received gliclazide modified release (MR) (30-120 mg/day) and other drugs, as required, to achieve an HbA 1c level of less than or equal to 6.5% [21] . Those assigned to standard glucose control received treatments based on local guidelines, with the exception of gliclazide MR, which was substituted with any other sulfonylurea [20] [21] [22] . Approval for the trial was obtained from the institutional ethics committee of each participating centre and all participants provided written informed consent.
Outcome measures All serious adverse events, as well as death from any cause, were recorded during follow-up. Cancer outcomes were pre-specified as events of interest, and coded according to the International Classification of Diseases, tenth edition (ICD-10): neoplasm C00-D48; malignant neoplasm C00-C97; malignant neoplasm except lymphoid tissue C00-C75; lip, oral cavity and pharynx C00-C14; digestive organs C15-C26; respiratory organs C30-C39; breast C50; female genital organs C51-C58; male genital organs C60-C63; cancer from lymphoid tissue C81-C96. The date of onset of the event was also recorded. The cause of each death was adjudicated by an independent endpoint committee blinded to treatment allocation.
Statistical analysis Follow-up time for each participant was calculated as time from registration date to date of cancer event or censoring. The first cancer event was included in the analysis. The incidences of all malignant neoplasms and each specific cancer type were calculated by treatment assignment as the rate per 100 person-years (PY). HRs (95% CI) for randomised treatment effects were estimated using unadjusted Cox proportional hazard models. Kaplan-Meier plots were constructed to demonstrate time-dependent cancer-free survival. Subgroup analyses examined the effects of HbA 1c level at study entry. All analyses were performed using SAS version 9.1 (SAS Institute).
Results
The characteristics of participants assigned to gliclazide MR-based intensive glucose control and to guideline-based standard glucose control were similar at baseline (Table 1) . At the end of follow-up, HbA 1c levels were lower in the intensive than the standard glucose control group, as expected, as a result of greater use of oral glucose lowering therapy and insulin ( Table 1) .
The median duration of follow-up was 5.0 years. Malignant neoplasms occurred in 363 participants assigned intensive glucose control and 337 participants assigned standard glucose control. This corresponds to 1.39 and 1.28 malignancies per 100 PY, respectively. The HR for intensive vs standard glucose control was 1.08 (95% CI 0.93-1.26) ( Table 2 ). Malignant neoplasms classified as solid cancers occurred in 328 participants assigned intensive glucose control and 303 participants assigned standard glucose control. This corresponds to 1.25 and 1.15 solid cancers per 100 PY (HR 1.09 [95% CI 0.93-1.27]) ( Table 2 ). The Kaplan-Meier cumulative event-free survival curve for all solid malignancies is shown in Figure 1 . The incidence of all malignant neoplasms classified by major organ systems and by treatment assignment is shown in Cancer deaths were reported for 41 participants assigned to intensive glucose control and 35 participants assigned to standard glucose control. This corresponds to a cancer mortality rate of 0.15 per 100 PY in the intensive control group as compared with 0.13 per 100 PY in the standard control group (HR 1.17, 95% CI 0.75-1.84) ( Table 2 ). The Kaplan-Meier cumulative event-free survival curve for cancer mortality is shown in Figure 2 . 
Discussion
These analyses, which compared cancer events between groups randomised to intensive or standard glucose control, do not suggest that more intensive glucose control based on greater use of gliclazide, insulin, metformin and other agents is associated with an effect on cancer incidence or mortality. There were no significant differences in the risk of all malignant neoplasms, all solid malignant neoplasms, nor of any organ-specific cancers classified according to the ICD-10 codes for major organ systems. There was also no significant difference overall in cancer deaths between the groups assigned to more intensive vs less intensive glucose lowering. The overall cancer event rate observed in our study of patients with long standing type 2 diabetes (1.33 per 100 PY) was similar to that of one large population-based study of people with diabetes (1.31 per 100 PY) [23] and Number at risk , , , Fig. 1 Cumulative event-free survival probability (KaplanMeier curve) for malignant solid neoplasm. Continuous line, intensive; dashed line, standard slightly greater than that of another (1.21 per 100 PY) [24] . Notably, both these cohort studies also examined cancer incidence in individuals free of diabetes and reported lower overall event rates (1.19 and 0.77 per 100 PY, respectively).
Observational studies have produced complex and at times confusing findings regarding the risk of cancer in patients with diabetes [1] [2] [3] [4] [5] . Furthermore the mechanisms that might contribute to these effects are not clear. Some have suggested that the effects are mediated by increased insulin levels [25] , whereas others have suggested that the effects are due to over-expression in cancer cells of the IGF-1 receptor, or the insulin receptor itself, especially the A isoform, which is uniquely able to bind both insulin and IGF-2 [2, 3, 26, 27] . In vitro studies have also suggested that hyperglycaemia per se may increase human breast cancer cell proliferation rates [28] . Because cancer cells are thought to be obligate glucose users, even modest elevations of glucose levels may drive cell metabolism and growth via the Warburg effect, which allows synthesis of amino acids, nucleotides and lipids for cell replication at the expense of ATP production [16] .
The UK Prospective Diabetes Study (UKPDS), Action to Control Cardiovascular Risk in Diabetes (ACCORD) study and Veterans Affairs Diabetes Trial (VADT), with average follow-up of between 3.5 and 10 years, have individually reported no effects on the risk of cancer mortality, the most reliable single index of cancer incidence [29] [30] [31] [32] . The more detailed randomised evidence from ADVANCE that we have presented here is consistent with the overall evidence from these trials. However, none of these trials were specifically designed as trials of cancer outcomes. Nevertheless, the pooled data from these trials of more vs less intensive glucose control (which achieved an HbA 1c difference of 0.3-0.8% for trials reporting cancer incidence and 0.6-1.4% for trials reporting cancer mortality) do not support the premise that cancer incidence (pooled risk ratio [RR] [32] .
Although the present results do not suggest any significant effects of intensive glucose lowering on cancer outcomes, there were some minor trends towards increases in cancer numbers across some organ systems in those assigned to intensive vs standard glucose control (Table 2) . One possible explanation for this lies in the greater frequency of visits for those assigned intensive therapy (who were seen at least every 3 months, or even more often) compared with standard therapy (who were only seen every 6 months). Thus earlier diagnosis and detection of cancers may have occurred in those in the intensive control group as a result of the more frequent medical surveillance provided. Indeed in support of this, an increased rate of hospitalisation among those assigned intensive glucose control has previously been reported [21] . However, despite the possible greater ascertainment of some cancers in the intensive treatment group, the frequency of breast cancer was similar in both treatment groups. Another possible explanation for the trend toward increases in some cancers lies in the proportional differences in the use of glucoselowering therapies in the two treatment groups, including use of insulin and metformin. Further analyses combining Fig. 2 Cumulative event-free survival probability (KaplanMeier curve) for cancer mortality. Continuous line, intensive; dashed line, standard individual participant data from the major randomised trials of more intensive glucose lowering [21, [29] [30] [31] would provide greater power to address these questions.
The main strengths of this study include its examination of outcomes in groups randomly assigned to intensive or standard guidelines-based glucose control, its large patient population, spread across 20 countries worldwide, and detailed reporting of serious adverse events over a median of 5 years. This study has a number of limitations. It was not designed to specifically assess cancer outcomes so that cancer events were not routinely confirmed by pathology reports or validated against cancer registry data. The 5-year period of follow-up was too short for accurate determination of the risk of inducing new cancers. An effect of a larger difference in HbA 1c between the treatment groups may also have been missed, although this would seem unlikely because other trials of intensive glucose control have similarly shown no improvement in cancer mortality or risk despite larger differences in HbA 1c [32] . Finally, because this trial compared two regimens of differing intensities of glucose lowering, it is not possible to examine the effects of individual drugs or classes of drugs on the risk of cancer within the randomised groups.
In conclusion, the randomised data comparing patients assigned to intensive or to standard glucose control who achieved a modest difference in HbA 1c of about 0.7% suggest that intensive glucose control achieved with a regimen that included greater use of gliclazide, insulin, metformin and other agents does not affect the risk of cancer in patients with type 2 diabetes over a 5-year follow-up period.
